Role of SRC-3 in Listeria monocytogenes infection by 陈媛
学校编码：10384                                分类号      密级        
学号：21620141152468                                          UDC        
 
 








指导教师姓名： 俞春东 教授 
专 业 名 称：  细 胞 生 物 学 
论文提交日期： 2017 年 05 月 
论文答辩时间： 2017 年 05 月 
学位授予日期：   
  
答辩委员会主席：        
评    阅    人：        
 





















另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的



































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                            声明人（签名）： 
















摘要 ......................................................................................................... 1 
Abstract .................................................................................................. 2 
第一章 前言 ........................................................................................... 3 
1.1 李斯特菌（listeria） ...................................................................................... 3 
1.1.1 listeria 概述 ............................................................................................... 3 
1.1.2 listeria 表型特征 ....................................................................................... 3 
1.1.3 listeria 基因型特征 .................................................................................... 4 
1.1.4 listeria 毒力因子 ...................................................................................... 5 
1.1.4.1 环境耐受性相关毒力因子 .................................................................. 7 
1.1.4.2 黏附侵袭性相关毒力因子 .................................................................. 7 
1.1.4.3 细胞内感染性相关毒力因子 .............................................................. 7 
1.1.4.4 其他毒力因子 ..................................................................................... 8 
1.2 单核细胞增多性李斯特菌（L. monocytogenes） .......................................... 8 
1.2.1 L. monocytogenes 危害.............................................................................. 8 
1.2.2 L. monocytogenes 感染后的固有免疫 ...................................................... 9 
1.2.2.1  IFN-γ 和 TNF ................................................................................. 10 
1.2.2.2Ⅰ型干扰素 ........................................................................................ 10 
1.2.2.3 ROS .................................................................................................... 11 
1.2.2.4 中性粒细胞 ...................................................................................... 12 
1.2.2.5 巨噬细胞 .......................................................................................... 12 
1.2.2.6 树突状细胞 ....................................................................................... 13 
1.2.2.7 Toll 样受体........................................................................................ 13 
1.2.2.8 MyD88 .............................................................................................. 13 
1.2.2.9 IRAKM ............................................................................................. 14 
1.2.2.10 RIP2 ................................................................................................ 14 
1.2.2.11 NF-κB .............................................................................................. 14 















1.2.3 获得性免疫 ............................................................................................. 15 
1.2.3.1 CD8
+
 T 细胞 ..................................................................................... 15 
1.2.3.2 CD4
+
 T 细胞 ..................................................................................... 17 
1.3 类固醇受体辅激活子 3 ................................................................................ 18 
1.3.1 SRC-3 的蛋白结构和分子功能 ................................................................ 18 
1.3.2 SRC-3 表达与蛋白后修饰........................................................................ 19 
1.3.3 SRC-3 在癌症发生过程中的作用（图 7）.............................................. 20 
1.3.3.1 SRC-3 与细胞周期 ........................................................................... 20 
1.3.3.2 SRC-3 与细胞凋亡 ........................................................................... 20 
1.3.3.3 SRC-3 与细胞侵袭和转移 ............................................................... 21 
1.3.3.4 SRC-3 在免疫中的作用 .................................................................... 22 
1.4 立题背景 ...................................................................................................... 22 
第二章 材料与方法 ............................................................................. 24 
2.1 实验材料 ...................................................................................................... 24 
2.1.1 小鼠........................................................................................................ 24 
2.1.2 菌株........................................................................................................ 24 
2.1.3 细胞........................................................................................................ 24 
2.1.4 主要试剂 ................................................................................................ 24 
2.1.5 主要仪器 ................................................................................................ 26 
2.2 实验方法 ...................................................................................................... 27 
2.2.1 DNA 相关实验方法 .................................................................................27 
2.2.1.1 DH5α 大肠杆菌感受态的制备与转化 .............................................. 27 
2.2.1.2 质粒的小量提取（碱裂解法） ........................................................ 28 
2.2.1.3 质粒的中量提取 ............................................................................... 28 
2.2.1.4 荧光素酶报告质粒的构建 ................................................................ 29 
2.2.1.5 点突变............................................................................................... 31 
2.2.2 RNA 相关实验及方法 ............................................................................. 32 
2.2.2.1 总 RNA 提取 ................................................................................... 32 















2.2.2.3 实时荧光定量  PCR（Real-time PCR） ........................................ 33 
2.2.3 蛋白质相关实验及方法 ......................................................................... 34 
2.2.3.1  蛋白质样品制备 ............................................................................ 34 
2.2.3.2  蛋白质浓度测定（BCA 法） ........................................................ 34 
2.2.3.3  蛋白电泳和 Western Blot .............................................................. 34 
2.2.4  细胞相关实验及方法 ........................................................................... 35 
2.2.4.1  细胞培养 ........................................................................................ 35 
2.2.4.2  细胞瞬时转染 （Fugene6 转染） ................................................ 36 
2.2.4.3  稳定细胞系的建立 ........................................................................ 37 
2.2.4.4  细胞荧光素酶活性检测 ................................................................. 37 
2.2.4.5  骨髓细胞分离及原代骨髓衍生细胞的刺激分化 .......................... 38 
2.2.4.6  流式分析骨髓衍生巨噬细胞分化率.............................................. 38 
2.2.4.7  流式分析细胞活性氧的产生 ......................................................... 38 
2.2.4.8 化学发光法检测细胞活性氧的产生 ............................................... 38 
2.2.5  小鼠相关实验及方法 ........................................................................... 39 
2.2.5.1 SRC-3 基因敲除小鼠的鉴定 ........................................................... 39 
2.2.5.2  L.monocytogenes 感染小鼠实验 ................................................... 40 
2.2.6 切片相关实验及方法 ............................................................................. 41 
2.2.6.1. 石蜡切片 ......................................................................................... 41 
2.2.6.2 H.E.染色 ........................................................................................... 41 
2.2.7. ELISA 检测 TNF-α 、IL-1β 、IL-6 和 IFN-β 等细胞因子.................... 42 
2.2.8. TUNEL ..................................................................................................... 43 
第三章 结果与分析 ............................................................................. 45 
3.1 SRC-3
-/-小鼠表现出对 L. monocytogenes 敏感性减弱 ................................ 45 
3.2 SRC-3
-/-小鼠表现出对 L. monocytogenes 更强的清除能力 ........................ 45 
3.3 SRC-3-/-小鼠表现出对 L. monocytogenes 体重变化减轻 .......................... 46 
3.4 L. monocytogenes 感染后 SRC-3-/-小鼠表现出更轻的组织学损伤 ............ 47 
3.5 L. monocytogenes 感染后 SRC-3-/-小鼠表达更少的 NRROS ...................... 49 
3.6 SRC-3
-/- 















3.7 L. monocytogenes 感染后 SRC-3-/- BMDM 表达更少的 NRROS ............... 50 
3.8 L. monocytogenes 感染后 SRC-3-/- BMDM 产生更多的 ROS ..................... 51 
3.9 在 RAW264.7 中 SRC-3 可调控 NRROS 的转录 ........................................ 53 
3.10 SRC-3
-/- 小鼠中 IFN-β和凋亡相关基因表达减少 .................................... 54 
3.11 感染 L. monocytogenes 后 SRC-3-/-小鼠脾脏中细胞凋亡减少 .................. 55 
3.12感染 L. monocytogenes后 SRC-3-/-小鼠脾脏中 CD4+ 和 CD8+T细胞相对较
高 ........................................................................................................................ 56 
3.13 L. monocytogenes 感染后 SRC-3-/-小鼠表现出更轻的炎症反应 .............. 58 
3.14 SRC-3
-/-小鼠 ISR 通路相关基因表达量减少 ............................................. 59 
3.15 在 RAW264.7 中 SRC-3 通过与 IFN-β启动子上 IRF-3 刺激结合元件结合
而促进其转录 ..................................................................................................... 60 
第四章 讨论 ......................................................................................... 62 
参考文献 ............................................................................................... 65 
缩略语及英文全称 ............................................................................... 75 

























Abstract(Chinese) .................................................................................. 1 
Abstract(English) ................................................................................... 2 
Chapter 1 Introduction .......................................................................... 3 
1.1 Listeria ............................................................................................................ 3 
1.1.1 Introduction  ............................................................................................. 3 
1.1.2 Genotypess ................................................................................................ 3 
1.1.3 Phenotyes .................................................................................................. 4 
1.1.4 Virulence ................................................................................................... 5 
1.1.4.1 Environmental tolerance associated virulence factors ........................... 7 
1.1.4.2 Adherent-invasive associated virulence factors .................................... 7 
1.1.4.3 Intracellular infection associated virulence factors ............................... 7 
1.1.4.4 Others .................................................................................................. 8 
1.2 L. monocytogenes ............................................................................................ 8 
1.2.1 Danger ....................................................................................................... 8 
1.2.2 Iinnate immunity ........................................................................................ 9 
1.2.2.1 IFN-γ 和 TNF .................................................................................... 10 
1.2.2.2 TypeⅠIFN ........................................................................................ 10 
1.2.2.3 ROS .................................................................................................... 11 
1.2.2.4 Neutrophile ........................................................................................ 12 
1.2.2.5 Macrophage ....................................................................................... 12 
1.2.2.6 Dendritic cell...................................................................................... 13 
1.2.2.7 Toll like receptor ................................................................................ 13 
1.2.2.8 MyD88 .............................................................................................. 13 
1.2.2.9 IRAKM ............................................................................................. 14 
1.2.2.10 RIP2 ................................................................................................ 14 
1.2.2.11 NF-κB .............................................................................................. 14 















1.2.3 Adaptive immunity.................................................................................. 15 
1.2.3.1 CD8
+
 T cell ........................................................................................ 15 
1.2.3.2 CD4
+
 Tcell ......................................................................................... 17 
1.3 SRC-3 ............................................................................................................ 18 
1.3.1 Stucture and functions of SRC-3 .............................................................. 18 
1.3.2 Expression and posttranslational modification of SRC-3 .......................... 19 
1.3.3 The role of SRC-3 in cancer development ................................................ 20 
1.3.3.1 The role of SRC-3 in cell cycle regulation.......................................... 20 
1.3.3.2 The role of SRC-3 in apoptosis .......................................................... 20 
1.3.3.3 The role of SRC-3 in invasion and migration ..................................... 21 
1.3.3.4 The role of SRC-3 in innate immune .................................................. 22 
1.4 Background and significance of this thesis .................................................. 22 
Chapter 2 Materials And Methods...................................................... 24 
2.1 Materials ....................................................................................................... 24 
2.1.1 Mice ........................................................................................................ 24 
2.1.2 Strains ...................................................................................................... 24 
2.1.3 cell line .................................................................................................... 24 
2.1.4 Reagets .................................................................................................... 24 
2.1.5 Equipments  ............................................................................................ 26 
2.2 Methods ........................................................................................................ 27 
2.2.1 DNA .........................................................................................................27 
2.2.1.1 Preparation of competent cell and transformation............................... 27 
2.2.1.2 Plasmid mini preparation ................................................................... 28 
2.2.1.3 Plasmid midi preparation ................................................................... 28 
2.2.1.4 Construct of luciferase reporter gene .................................................. 29 
2.2.1.5 Site-directed saturation mutagenesis .................................................. 31 
2.2.2 RNA  ...................................................................................................... 32 
2.2.2.1 Isolation of total RNA ........................................................................ 32 















2.2.2.3 Real-time PCR ................................................................................... 33 
2.2.3 Protein ..................................................................................................... 34 
2.2.3.1 Preparation of protein sample ............................................................ 34 
2.2.3.2 BCA .................................................................................................. 34 
2.2.3.3 SDS-PAGE and westion blot .............................................................. 34 
2.2.4 Cell .......................................................................................................... 35 
2.2.4.1 Cell culture ........................................................................................ 35 
2.2.4.2 Transient transfection ......................................................................... 36 
2.2.4.3 Stable transfection ............................................................................. 37 
2.2.4.4 Measurement of luciferase activity ..................................................... 37 
2.2.4.5 The differentiation of BMDM ............................................................ 38 
2.2.4.6 Measurement of BMDM differentiation rate by flow cytomety .......... 38 
2.2.4.7 Measurement of ROS by flow cytomety ............................................ 38 
2.2.4.8 Luminol-based ROS measurement  ................................................... 38 
2.2.5 Mouse ...................................................................................................... 39 
2.2.5.1 Genotyping ........................................................................................ 39 
2.2.5.2 L.monocytogenes-infected mice ......................................................... 40 
2.2.6 Section ..................................................................................................... 41 
2.2.6.1.Paraffin section .................................................................................. 41 
2.2.6.2 H.E.staining ....................................................................................... 41 
2.2.7. ELISA .................................................................................................... 42 
2.2.8. TUNEL ................................................................................................... 43 
Chapter 3 Results ................................................................................. 45 
3.1 SRC-3 deficiency decreases sensibility after L. monocytogenes infection ... 45 
3.2 SRC-3 deficiency increases L. monocytogenes clearance ability ................. 45 
3.3 SRC-3 deficiency decreased body weight loss after L. monocytogenes 
infection .............................................................................................................. 46 
3.4 SRC-3 deficiency decreases tissue damage after L. monocytogenes infection

















mice express less NRROS ............................................................... 49 
3.6 SRC-3 decreases L. monocytogenes clearance in BMDM ........................... 50 
3.7 SRC-3
-/- 
BMDM express less NRROS .......................................................... 50 
3.8 SRC-3 increases ROS production in BMDM .............................................. 51 
3.9 SRC-3 regulates NRROS transcription in RAW264.7 ................................ 53 
3.10 SRC-3 deficiency decreases the IFN-β and apoptosis-associated gene ..... 54 
3.11 SRC-3 deficiency decreases the apoptotic cell number ............................. 55 
3.12 SRC-3 deficiency increases T cell number ................................................. 56 
3.13 There are less proinflammatory cytokines production in SRC-3
-/- 
mice 
during L. monocytogenes infection .................................................................... 58 
3.14 SRC-3 deficiency decreases the ISR-associated gene ................................ 59 
3.15 SRC-3 regulates IFN-β transcription by binding to the IRF-E site in 
RAW264.7 ........................................................................................................... 60 
Chapter 4 Discussion ........................................................................... 62 
REFERENCES .................................................................................... 65 
Abbreviations and English name ........................................................ 75 























用；在柠檬酸杆菌诱导的结肠炎模型中，SRC-3 可以通过激活 NF-κB 信号通路
来促进 CXCL2 的转录，说明 SRC-3 在病原菌感染过程中起着非常重要的作用。 
为了探究 SRC-3 在 L. monocytogenes 感染模型中的作用，我们采用尾静脉注
射 L. monocytogenes 的方式感染 WT 和 SRC-3-/-小鼠，发现相较于 WT，SRC-3-/-
小鼠对 L. monocytogenes 感染表现出死亡率降低、菌清除能力增强、体重变化减
轻，说明 SRC-3 敲除对 L. monocytogenes 表现出敏感性降低；此外，发现在感染
L. monocytogenes 过程中，SRC-3-/- BMDM 中 ROS 水平远高于 WT，并且，在巨
噬细胞系 RAW264.7 中，SRC-3 促进 ROS 负调控因子 NRROS 的转录；另外，
我们发现在感染 L. monocytogenes 后，SRC-3-/-小鼠表现出 IFN-β 以及凋亡相关基
因表达量减少、脾淋巴细胞尤其 CD4 +和 CD8 + T 细胞数目减少；有趣的是，我
们检测了小鼠感染 L. monocytogenes 后血清中促炎因子的表达量，发现 SRC-3-/-
小鼠血清中炎症因子表达量远低于 WT，并且与此同时小鼠脾脏中 ISR 相关基因
mRNA 表达量减少；并且在 RAW264.7 中 SRC-3 可以促进 IFN-β 启动子活性，
并且当启动子上 IRF-3 结合元件突变时，启动子活性降低。 
因此我们认为，在 L. monocytogenes 感染过程中，SRC-3 一方面可以通过促
进 NRROS 的转录降低体内 ROS 的产生，而破坏机体对菌体感染的抵抗；另一
方面可以通过促进 I 型干扰素相关凋亡基因的表达，而促进脾细胞凋亡，尤其
降低 L. monocytogenes 特异性 CD4+和 CD8+ T 细胞数量，而破坏机体对菌体的
抵抗；此外，SRC-3 可能通过介导 I 型干扰素信号通路来促进 CHOP 表达，进
而促进小鼠血清中促炎因子的释放，而 SRC-3 调控 I 型干扰素的具体分子机制
需要进一步的探究。 
 
















Steroid receptor coactivator 3 (SRC-3) is a transcriptional coactivator which 
interacts with nuclear receptors and other transcription factors to enhance their effects 
on targetgene transcription. Previously, we reported that in E. coil-induced septic 
peritonitis, SRC-3 in macrophage can inhibit the cell apoptosis and cytokines 
production, and enhance in bacterial clearance, which highlights a pivotal role of 
SRC-3 in the host defense system against bacterial infection. In C. rodentium 
infection, SRC-3 can promote the CXCL2 transcription through activating NF-κB 
signaling, suggesting that SRC-3 may be involved in host defense against bacterial 
infection.  
To investigate the role of SRC-3 in L.monocytogenes infection, we infected the 
wide-type and SRC-3
-/-
 mice through tail vein. We found SRC-3
-/-
 mice exhibited 
increased survival percent and enhanced clearance of L.monocytogenes, suggesting 
SRC-3 deficiency decreased sensibility to L.monocytogenes. Besides, SRC-3 can 
decrease the ROS production through regulating NRROS expression in RAW264.7 
cells and BMDM. In addition, there were less apoptosis-related genes and T cell 
apoptosis after infection with L.monocytogenes compared to wide-type mice in 
SRC-3
-/-
 mice. Interestingly, the proinflammatory cytokines level in SRC-3
-/-
 mice is 
decreased compared to wide-type. And the ISR-related genes mRNA level also 
decreased in the spleen of SRC-3
-/-
 mice. Finally, we test the IFN-β promoter activity 
in RAW264.7 and foud SRC-3 can promote its activity. Howver when mutate the 
IRF-E, its activity was decreased. 
Therefore, SRC-3 may protect the host from defending against L.monocytogenes 
infection through upregulating NRROS expression and splenocyte apoptosis. On the 
other hand, SRC-3 may regulate the proinflammatory level through type-I IFN. 
 

















1.1.1 listeria 概述 
李斯特菌（listeria），一种革兰氏阳性细菌，兼性厌氧，无芽孢，一般不形
成荚膜，但在环境营养丰富的情况下可形成；该菌最适宜的培养温度为 35-37 ℃，
最佳生长 pH 值为中性至弱碱性（pH 9.6），二氧化碳略高、氧分压略低的条件下
生长良好[1]。 
listeria 的基因大约长 3 Mb，编码约 2800 个蛋白质，其中约 65% 基因的功
能已探明[2]。该属氨基酸中 G+C 含量较低，与芽孢杆菌属、肠球菌属、链球菌
属、乳杆菌属、乳球菌属、葡萄球菌属、梭状芽胞杆菌属有较近的亲缘关系[3]。
目前已经确定包括 17 个种，分别为：L.monocytogenes, L.seeligeri, L.ivanovii, 
L.welshimeri, L.marthii, L.innocua, L.grayi, L.fleischmannii, L.floridensis, L.aquatica, 
L.newyorkensis, L.cornellensis, L.rocourtiae, L.weihenstephanensis, L.grandensis，
L.riparia 和 L.booriae[4]。其中，L. monocytogenes 是第一株被发现的 listeria，对
社会生活和经济发展产生着巨大的负作用。根据与 L. monocytogenes 亲缘关系的
远近，listeria 可分为两类：1）Listeria  sensu strictu ，包括 L. monocytogenes，     
L. seeligeri，L. marthii，L. ivanovii，L. welshimeri，和 L. innocua； 2）Listeria sensu 
lato group，包括剩余的 11 个种[5, 6]。 
1.1.2 listeria 表型特征 





露醇进行发酵[7, 8]。其中，只有 L. monocytogenes 和 L. ivanovii 可进行 PI-PLC（磷
脂酰肌醇-特异性磷脂酶 C）活动；L. ivanovii 是唯一可利用 D-ribose 发酵的菌株；    















但是不会利用核糖和 D-塔格糖.的菌株；L. marthii 是唯一不会发酵蔗糖的菌株；
L. innocua 不产生溶血现象，但是会利用 D-木糖和甘油；此外，L. monocytogenes,、L. ivanovii、
L. seeligeri 和部分 L. innocua 具有溶血作用[9]。 
Listeria sensu lato 同 Listeria sensu strictu 一样为过氧化氢酶阳性，无芽孢，
无荚膜；但是，与 Listeria sensu strictu VP 实验全部呈阳性结果相反，Listeria sensu 
lato 中只有 L. grayi 和两株 L. aquatica VP 实验为阳性[7]。此外，Listeria sensu lato
中只有 L. floridensis 不会利用硝酸盐[7, 8]；只有 L. grayi 具有运动能力[5]；所有
Listeria sensu lato 菌株均可以酸化 D-木糖和 D-葡萄糖，但不可以酸化 1-磷酸葡
萄糖和菊糖[7]。最有趣的是，在 4℃条件下，L. fleischmannii、L. aquatica，和        
L. floridensis 在液体培养基中不会生长。另外，所有的 Listeria sensu lato 均不具
有溶血性；且磷脂酰肌醇磷酸脂酶 C 活性测试呈阴性。因此，Listeria sensu lato
所有菌株均不具有致病性[10, 11]。 
1.1.3 listeria 基因型特征 
Listeria sensu strictu 基因组主要有以下特征：基因序列中 G+C 含量较低，大
约为 34.6-41.6%；基因总长度约 2.8-3.2Mb；基因组高度线性化（不同种间杂交
时基因顺序高度保守）；目前估计，Listeria sensu strictu 泛基因组约 6500 个基因，
其中，17% 的基因与碱基、核苷酸、核苷和核蛋白新陈代谢有关，14% 的基因
与细胞大分子新陈代谢有关，10% 的基因与蛋白新陈代谢过程有关[12]。此外，
在 Listeria sensu strictu 基因组中，肌动蛋白基因数量差异较大，L. welshimeri 含
有最少数目的肌动蛋白基因，只有九个；L. monocytogenes 的基因组中，包含 18-28
种肌动蛋白编码基因；此外，在 Listeria sensu strictu 中，Listeria monocytogenes
和 Listeria ivanovii 含有毒力岛（pathogenicity islands ,LIPI）基因[12]。 
Listeria sensu lato 基因 G+C 含量范围为 38.3%-45.2%，比 Listeria sensu 
strictu 含量略高；基因组分析 Listeria sensu lato 菌株均不含毒力岛，因此，Listeria 
sensu lato 均不具有致病性；只有 L. grayi 含有运动鞭毛蛋白基因，这与 Listeria 
sensu strictu 不具有运动性这一表型相吻合[5, 13]。 
1.1.4 listeria 毒力因子 




























图 1. L. monocytogenes 感染过程中的分子机制，引自 Eric G. Pamer,2004[17] 
Figure1. The pathogenesis of cellular L.monocytogenes infection. 
 
（1）毒力岛 1 
LIPI-1 长约 9 kb，主要包含 6 个基因，依次为 prs、prfA、plcA、hly、mpl、
actA、plcB、 ldh。其中，prs 主要编码磷酸核糖 -焦磷酸合成酶（phospho 
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